





CIGUATOXINS IN CHENOCHAETUS STRIATUS

process of removing the bicdetntus adhenng 1o
these algae. This was confirmed by a visual as-
sessment of the gut contents.

G. Toxicus COLLECTIONS AND TOxIN
ANALYSIS

G. toxicus were found anached to numerous
species of macroscopic algae sampled at John
Brewer Reef (Table 1). G. toxicus were also a
conspicuous component of the vacuumed
hiodetritus but the G. texicus in these samples
were not quantified. The biodetritus upon which
C. striatus feeds and the visceral contents, viscera
and liver of C. striatus were extracted and bious-
sayed for the presence of toxins. Table 2 indicaics
the 1oxins detected after liquid-liquid partitioning
into hexane, ether-(acetone-soluble and -in-
soluble fractions) and butanol-soluble fractions.
The less polar (hexane-soluble) material did not
contain detectable toxicity, whereas the more
polar fractions were often found to be toxic. The
mouse bioassay detected gambiertoxin- and
ciguatoxin-like toxins and scveral fast acting
toxins in these more polar fractions.

The toxins inthe acetone-soluble ether-fraction
were further charactenised by mouse bioassay
after silica gel chromatography (Table 3). This
allowed separation of (1) less polar toxins (GTX-
4b-like) which elute with 97:3 ¢:m, (it) toxins of
shimilar polarity to CTX-1,-2 or -3 or the more
polar gambiertoxins which eluie with 911 ¢:m,
and (1) toxins with polarity simslar o the
maitotoxins which elute with 0:1 c:m (Murata et
al.,1990; Holmes et al.,1990,1991; Lewis et al.,
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TABLE 1. Population densibes of Gambierdivcus
toxicws on macroalgae on John Brewer Reef {Septem-
ber, 1986}

Macroalgae G.roxicus/100g | Depth | n
macroalose (m)

Spvridia fitameniosa 3200 3 1

Padina australis ‘ 330-840 1-5 13

Malimeda opunna 40 - 1000 2-10 | 4

1. incrassato 30 2 i

H. turia L 30 3 |

Broodlea sp. 1120 3 1

1991; Holmes & Lewis.1992). Toxins eluting
with 97:3 or 9:1 c:m induced signs of woxicity
characteristic of the ciguatoxins or gambier-
toxins. The most polar toxins induced either
CTX-1-like signs, signs of undetermined origin
or were fast acting, with the toxicity varying
between the sites and the samples investigated.
The relative concentration of toxins (MU/g) in
the 97:3 and 9:1 c:m frachions at each recf are
compared in Fig. 1.

Toxins in the butanol extracts were also char-
actensed after silicic acid chromatography (Table
4). After silica gel chromatography, 1oxins were
found onlyin thec:in 9: 1 and O:1 eluates. The fast
acting toxin from the visceral contents appeared
to be less polar than the fast acting toxin in the
detritus. Carry-over of ciguatoxins into the
butanol fraction may explain the toxicity in the
c:m 91 eluates. Toxins inducing signs charac-
teristic of the maitotoxing were not detected in the

TABLEZ2. Yield{g) and characterisation * of lipid-soluble extracts from Crenochaetus striaties and detritus, Great

Barricr Reef.
John Brewer Reef (1) John Brewer Reel (2) Davies Reef
Fraction Visceral | Viscera| Liver | Deritus | Visceral | Viscera | Liver | Detritus | Visceral | Viscera | Liver
Conteni Content Content
(377g) | (2002) | (AN0g) | (T0p) | (434g) | (310=) | 190g) | (150g) | (331 | (380 | (130p)
Hexane 5.29 059 2.82 011 8.14 13.26 4.19 0.1 3.98 20.97 5.%9
Acelone- 0.62° | 0230 [ 100 ) 0.08Y | 078> | 0420 141 0136 | 1326 | 0.41b 1164
soluble ether
Acetone- 0050 | 0.019 | 063 | 0.01d | 0060 | 003> | 0.4 002 | 0.12b 0.0s 0.84
insoluble ether
Butanol 23 0914 [ 059 | 023 315 | 2608 | 092d | B17¢ | 2.3 2.94 0.82 |

* Fraclions were separated on the basis of selubility and those lethal to mice at <1.0g/kg were characterised as

indicated by a-c below (n=2).

* Sign(s) in mice typical of ciguatoxin-1 (CTX-1) including lachrymation, hypersalivation and/or diarthoea.
® Signs in miee typieal of less polar ciguatoxins (CTX-2, CTX-3, GTX-4b), include those sign(s) induced by

CTX-1 plus hind-limb paralysis.
* fast acting toxin.

4 8ign(s) of CTX-1 in mice for fractions non-lethal a1 1.0g/kg.
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FIG. 1. Concentration of gambiertoxins and ciguatoxins in Ctenochaetus striatus and associated reef biodetritus.
(A) Toxin levels in the 97:3 chloroform-methanol (c:m) eluates (low polarity gambiertoxins). (B) Toxin Ievels
in the 9:1 c:m cluates (ciguatoxins and high polarity gambiertoxins), Toxin levels arc given as total mouse units
{MU)/g of sample. Cold acetonc-soluble ether extracts were applied to silicic acid columns in cach case.

butanol fractions, even after silica gel chromatog-
raphy.

DISCUSSION

C. striatus fced by combing biodetritus from
turf algae covering dead coral surfuces of these
reefs (Purcell & Bellwood,1993). The turf algae
(and other macroalgae) on these rcefs were
covered with moderate numbers of G. toxicus,

indicating that wrf algae is a niche in which G.
toxicus might proliferate.

Several toxins were detected in cxtracts of the
turf biodetritus and C. striatus visceral contents,
viscera and liver. Ciguatoxin(s) and gambier-
toxin(s) predominated in these samples which
also containcd several fast acting and several
unidentified toxins. Interestingly, no maitotoxin
was detected. Concentration of ciguatoxins and
gambiertoxins in the tissues of C. striatus from

TABLE 3. Yicld [g (MU)] and bioassay signs# of cold acctone-soluble ether-extracts scparated by silicic acid

chromatography
John Brewer Reef (1) John Brewer Reef (2) Davies Reef
Fract | Visceral | Viscera | Liver |Detritus| Visceral | Viscera| Liver |Detritus| Visceral | Viscera | Liver
iont | Contemt Content Content
cm)|  (0.5) [ {0.19g) | 0.072) | (0.06g) | (0.75g) | (0.38e) | (1.37p) | (D.11g) | (1.29g) | (0.38g) | (1.12t)
97:3 0.06 *0.01 0.18 0.002 0.09 0.03 0.14 0.01 0.04 0.08 0.07
(113 (0) () (0) (6)c Q) () {14y (10 4y (1]
95:5 0.04 0.M 0.15 | *0.001 0.07 0.04 0.12 0.02 0.08 0.06 0.12
{(Ht {0) ()] (20 (37)0 (] (1)) (0) (4r O ()]
9:1 0.37 0.07 0.28 0.02 0.44 0.21 0.56 0.03 0.33 015 0.22
(39)b (56)t (27)b (33)¢ (29)he (22)0 (13 (320 (1R)hs (16) (14)3
8:2 o4 | 002 | 0.002 | 0001 0.05 003 | o4 | 00 0,18 002 | 021
(2)be (O (V)] (0 O ©) (0) (D) (V)] (7 ()]
0:1 0.07 0.03 0.07 0.01 0.08 0.04 0.09 0.02 0.38 0.11 0.11
(3)pe {0) (5p (0) ($)e (2r (V)] (20¢ (194 (0) (0

*Fractions lethal to mice at <1.0g/kg were quantificd in mouse units (MU) as described in Methods (n=2-5 mice
per fraction). The liver from Brewer (2) induced signs of ciguatoxin intoxication but no deaths (20mg was

estimated o contain 0.5MU),
¢ Signs in mice as defined in Table 2.
4Signs in mice not clear.

¢ Fractions eluted from 100 mesh silicic acid with chloroform-methanol (¢:m) mixtures of increasing polarity.
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TABLE 4. Yield (g) and bioassay signs* of butanol
extracts® separated by silicic acid chromatography

0:1 | 0121 | 130 | 100 | 1.80 |

* Fractions lethal to mice at <1.5g/kg were charac-
terised (n=2).

24 Signs in mice as defined in Table 3.

¢ Butanol extracts (g) were pooled for the thrce sites,
except for the detritus fraction which was from the
Davies Reef collection only,

! Fractions eluted from Biosil A silica gel with
chloroform-methanol (c:m) mixtures of increasing
polarity.

John Brewer and Davies Reefs were similar,
despite evidence of major damage at the former
reef as a result of a crown of thoms starfish
infestation. Our sample areas were surveyed in
1985 and had live:dead coral ratios of 1:3 and 2:0
for John Brewer and Davies Reefs, respectively
(The Crown-of-Thorns Study,1985). If the area
of turf algae is a factor that limits C. striatus
density inreef areas, increased areas of dead coral
would allow larger areas of turf algae which could
support higher densities of C. striatus. These
higher herbivore densities might in turn increase
the proportion of such herbivores in the diet of
camnivorous fish. This scenario could result in an
increase in the rate carnivorous fish accumulate
ciguatoxins. Increased areas of turf algae would
also reduce the feeding pressure on turf algae
which could possibly favour higher densities of
G. toxicus on turf alac. Environmental factors, as
yet unidentified, may also increase the levels of
gambiertoxins per unit area of turf algae and such
factors are pcrhaps more important in increasing
the rate at which gambiertoxins and ciguatoxins
enter the food chain of fish in coral reef areas.
The ciguatoxins in fish are believed to arise
through the biotransformation (oxidative meta-
bolism) of gambiertoxins produced by G. toxicus
(Murata et al.,1990; Holmes et al.,1991; Holmes
& Lewis, 1992). Since low polarity gambiertoxins
were notdetected in C. striatus liver, we propose
that the liver is a site, perhaps the major site, for
biotransformation of the gambiertoxins in this
species. Concentrations of ciguatoxin-like toxins
in the biodetritus were considerably less than (3-
to 7-fold) the concentrations found in the visceral
contents of C. striatus. C. striatus does not

569

employ acid digestion (gut was found to have a
pH =6.4) but fermentation is an important step in
the digestion and assimilation of biodetritusby C.
striatus (H. Choat pers. comm.). Such a reduction
in toxin levels between the biodetritus and the
visceral contents may stem from microbial
degradation of the gambiertoxins to less potent
forms. Alternatively, the uptake of gambiertoxins
from the visceral contents of C. striatus may be
rapid. A rapid uptake of gambiertoxins by fish
(and man) may be a feature common to this class
of polyether toxins.

This study found that levels of gambiertoxins
entering C. striatus were typically higher than
levels in the liver of this species. Consequently
the gambiertoxins and their biotransformed
products (ciguatoxins) do not appear to be ac-
cumulated in a simple, additive manner, suggcst-
ing that depuration of ciguatoxins and/or
gambiertoxing may be significant in C. striatus.
Such depuration by herbivores could, at least in
part, contribute to the rapid decline in the
ciguatoxin levels in a population of moray eels
(Lewis et al.,1992) and the rapid decline in
ciguatera incidence in some Pacific Island
countries (Lewis, 1992). A similar conclusion can
be drawn from the study of Bagnis et al. (1985)
who showed that a decline in G. toxicus numbers
paralleled the decline in C. striatus toxicity.

Fish sampled in this study had relatively low
levels of ciguatoxins compared with C. striatus
from French Polynesia (Yasumoto et al.,1971;
Bagnis et al.,1985). To initiate a ciguatera out-
break at these locations on John Brewer and
Davies Reefs, we suggest that orders of mag-
nitude highcr gambiertoxin production per unit
areaof turf algae are required. Assays with higher
sensitivity and specificity for toxins involved
(e.g. antibody-based assays selective for the dif-
ferent gambiertoxins and their metabolites) or
sites harbouring more toxic fish are likely prereq-
uisites to the further study of toxins in C. striatus.
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